
ABSTRACT 

EDM Collaboration Meeting 

These viewgraphs are a record of the meeting held on July 19-20,2002, for planning the 
EDM experiment. 

The LANSCE experiment to search for the electric dipole moment (EDM) of the neutron 
proposes a sensitivity of 4 x lo**-28 e-cm. It uses the cold neutron beam from a coupled 

liquid hydrogen moderator and a 10-cm x 10-cm supermirror guide to illuminate a 
superthermal 4He source. Systematic errors are suppressed by the addition of trace 

amounts of 3He as a magnetometer. See the following web site for more information: 
http://p25ext.lanl.gov/edm/edm.html 

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.
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09:lO - Statement of purpose - Martin Cooper (Los Alamos) 
09:20 - DOE reaction to the pre-proposal - Martin Cooper (Los 
Alamos) 
09:30 - EDM project development in the next 1.5 years - Steve 
Lamoreaux (Los Alamos) 
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10:15 - A new measurement at NIST of the neutron storage time in a 
TPB coated cell - Jen-Chieh Peng (Illinois) 
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11:15 - New ideas regarding light collection and backgrounds - Paul 
Huf fman (NIST)  
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11:45 - How well can we identify neutron beta decays? - Bob Golub 
(HMI) 
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12:15 - Monte-Carlo studies - Martin Cooper (Los Alamos) 
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12:45 - Lunch 

13:45 - Fitting into LANSCE ER-2 - Jan Boissevain (Los Alamos) 
14:OO - Discussion 
14:15 - Tour of LANSCE ER-2 and Building 10 Lab - Seppo Penttila 
(Los Alamos) 
15:15 - Separating the purifier from the dilution refrigerator, an 
alternate design - Paul Huffman (NIST) 
15:30 - Discussion 

15:45 -I Coffee 

16:15 -. Proposed tests of SQUIDS - Michelle Espy (Los Alamos) 
16:30 -. Discussion 
16:45 -. Shortening the magnet by better matching of boundary 
conditions; magnetic shielding issues - Brad Filippone (Caltech) 
17:OO -. Discussion 
17:15 -- Modifications of the apparatus to incorporate the 
dressed-spin technique - Bob Golub (HMI) 
17:30 -. Discussion 

19:OO -. Dinner at . . . 



July 20 

09:OO - Update on the HV-test apparatus - Debbie Clark (Los Alamos) 
09:15 - Discussion 
09:30 - Measuring the Kerr effect at crogenic temperatures - Alex 
Sushkov (UC-Berkeley) 
09:45 - Discussion 
1O:OO - Update on the polarized 3He source - Justin Torgerson 
( LANL 1 
10:15 - Discussion 

10:30 - Coffee 

11:OO - Experiences with hexapole state selectors - Janos Fuzi 
(Budapest ) 
11:30 - Discussion 
11:45 - Experiments relavent to transporting 3He into the 
superfluid He and the 3He polarization lifetime - Mike Hayden 
(Simon-Fraser) 
12:15 - Discussion 

12:30 - Lunch 

14:OO - Determining the projects to be undertaken at each 
institution - moderated by Steve Lamoreaux (Los Alamos) 

15:15  - 

15~4.5 - 

16:OO - 

16:45 - 

Cooper 

Cooper 

Coffee 

F u t u r e  telephone conference calls - moderated by Martin 
Los Alamos) 
Development of a financial strategy - moderated by Martin 
Los Alamos) 
Adjourn 



Welcome 
John McCleliand (Los Alamos) 



Statement of purpose 
Martin Cooper (Los Alamos) 



MECHANICS 

Agenda 
Dinner at 7:OO PM (19:OO) at the Central Avenue Grill 
.Located on Central Avenue (1 block north of Trinity) across 

.Must pre-order your meal and beverage by circling your choices 

Sign into our visitor log during first coffee break 
Attendance list 
Telephone, FAX, and E-mail list plus institutional addresses 
Turn in you badges to me at end of the meeting (Debbie will keep 
them) 

from the post office 

and putting down your name 

7/22/02 -:t& Physics Division / P25 



PURPOSE 

Exchange scientific ideas 
Establish the R&D plan for the experiment 
*Speakers should list tasks on blackboard 
Establish who will work on what for the next 1.5 years 
Open dialogue on long term commitments 
Open dialogue on a funding plan 

7/22/02 



DOE reaction to the pre-proposal 
Martin Cooper (Los Alamos) 



DOE REACTION TO THE PRE-PROPOSAL 
Jehanne Simon-Giilo / Gene Henry 18 July 2002 

Next week in writing 
Nice job on the physics case 
Many external comments on how exciting the project is 
Additions to make a real proposal 
*Table of technical risks and how we are dealing with them 
*Safety issues 
*Order of magnitude and source of operating funds 
.Po ten tial commi tmen t of physicists 
*Facility modifications - their character and costs 
*More detailed cost estimates - 
--Rough breakdown into R&D, engineering,construction, 

--Realistic contingency analysis-a repetitive effort for CDR 
pre-ops,TEC, and TPC 

f l  
*" 7 -:-!#$ Physics Division / P25 

3 LosAIamas 4 ;  : . ,r ng:*at'-4? '.--I 
7/22/02 



DOE REACTION TO THE PRE-PROPOSAL 
Jehanne Simon-Gilio / Gene Henry 18 July 2002 

.Milestones not understandable - “ready” means what, 
e.g. designed, constructed, installed, commissioned 

.Breakout the cost of people from the cost of equipment 
We should continue to work on the proposal 
FY’05 funding still a possibility 
We will need the upgraded proposal to establish “mission need” 
Peter Rosen will want the upgrade for believability 

Two conditions to proceed: 
.Sorting out of the SNS beamline 
.Integrated strategy for national neutron-physics program endorsed 
by the community 
Community should take the initiative r\ (in the for$ -> f l  of a conference?) 

7/22/02 Physics Division / P25 



EDM project development in the next 1.5 years 
Steve Lamoreaux (Los Alamos) 



The Neutron EDM Project over the Next 1.5 Years 

S .K. Lanioreaux 

1. Magnetic shielding; ferromagnetic vs. superconducting 

a. magnetic field seneration 
b. RF coil 
c. Johnson noisz etc. from materials 

2. Studies of scintillation 
a. backg-ouncl 
b. cross effects (leakage currents, other cross effects 

c. event identification 
with Larmor precession) 

3. Polarization of He-3 

4. Transport and Storage of Polarized He-3 

5 .  High Voltage Tests 

a. radiation effects 
b. wall coating stability 
c. measiirernents of field strenzth, uniformity 
d. effects on scintillation 
e. capacitive voltage multiplier 

6. Cold neutron beam optics 

7. General cryogenic design 

S. Tests of SQUIDS in realistic environments 

9. Investigation of incorporation of dress spin technique 

10. 3-He diffusion at low concentrations 
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A new measurement at NlST of the neutron storage 
time in a TPB coated cell 
Jen-Chieh Peng (Illinois) 



PRODUCTION AND 

STORAGE AT NIST 

Jen-Chieh Peng 
U n iversity of II I i nois 

Los Alamos, July 19, 2002 

Outline 

Summary of existing measurements a t  NIST 

Ideas for a new N E T  measurement 



UCN PRODUCTION IN 4He 
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UCN Losses in Superfluid 4He Bo€€le 

1. Neufron be€a decay 

2. Wall absorpfiion 

3. Upsca€€ering in superfluid 4He 
e Single-phonon upsca€€ering ra€e oc e -1IKT 

e Mulfi-phonon upsca€€ering ra€e oc T7 

4. n - 3 ~ e  absorption 

n +3 He -+ p + t + 764KeV 
toEaI spin Oabs a t  v = 5na7sec 

J = O  4.8 x lo6 barns 

J = l  -0 

0 The  na€ural abundance of 3 H e / 4 H e  (N  
) implies an absorption time of - -7 10 

0.4 s 

-11 is e Purified 4 H e  wi€h 3 H e / 4 H e  < 10 
req ui red 



UCN Production in Superfluid 4He 

+ +  

Magnetic Trapping of UCN 
(Nature 403 (2000) 62) 
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560 Zt 160 UCNs trapped ~- 

per cycle (observed) 

480 Jz 100 UCNs trapped 
per cycle (predicted) 

Measured neutron lifetime: 

750-200 +330 seconds 

Peak UCN signal: 0.2/s 
Peak Bkgrnd: 6.0/s 
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PROPOSED NIS MEASUREMENTS 

1. Use the new monochromatic neutron beam 
centered around 8.9 A 
0 - 80 percent transmission of 8.9 A neu- 

0 A factor of 20 reduction of background- 

trons 

producing neutrons 

2. Install a UCN storage cell coated with deuter- 
ated TPB 

e UCN confining potential is raised from N 

60 nev to  N 200 nev 
UCN production rate is (X U 312 

3. Measure r~ + p e n s  signals and upscattering 
UCN'S as a function of 4 ~ e  temperature .. 

GOALS 

1. Study UCN production rate 

2. Determine rates of UCN losses due to  wall 
interaction and upscattering 

3. Study of background 



Monochromatic Neutron Beam a t  
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Estirna€ed ra€e for UCN signal 

Neueron Ylux: = 1.3 x lo6 n/cm2/s/K 

OCN prod. rate = 3x10-7  ~ ~ ~ / c m 3 / s  = 
0.13 UCN/cm3/s  

Cell size: 4Ocmx3.2~m diame€er cylinder: 
320 cm3 

e CICN proauc€ion rate -40 OCN/s 

E'ffec€ive storage time oT OCN: N 100 - 
500sec 

detector eTficiency N 30 percent 

e Ini€ial UCN de€ec€ion ra€e of  1.2 - 6 per 
second 

Bac kg roa nd red u c€ion 

Munochrumatic 6eam near 8.9A 

a Transparent. beam stop and be€ter* light 
€ransmission Tor higher €hreshhoICI €0 re- 
jec€ background 



New ideas regarding light collection and backgrounds 
Paul Huffman (NIST) 





Detection of Neutron Capture 

n t 3He - p  t 3H t 764 keV 

liquid helium 
He? 

y - SOnm CiTI’B 

Recoil proton and/or triton creates an ionization 
track in the helium. 

Helium ions form excited He2* molecules 
(ns time scale) in both singlet and triplet states. 

He2* singlet molecules decay, producing a large 
prompt (< 20 ns) emission of extreme ultraviolet 
(EUV) light. 

EUV light (80 nm) converted to blue using the 
organic fluor dTPB (deuterated tetraphenyl 
butadiene). 

P. R. Huffman N= & 
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How well can we identify neutron beta decays? 
Bob Golub (HMI) 



Detection of Neutrons in Liquid Helium 

Neutrons inside the superfluid helium can be detected via 
the energetic charged particles which are produced in the 
beta decay: 

n --+ p + e + v + 7 8 3 k e V  

or with a dilute solhon of 3He inside the 4He volume: 

Travelling through the helium these charged particles loose 
their kinetic energy which is partially converted into 
scintillation light. 

CII) Scintillations with highest intensity in vacuum 
ultraviolet region (VUV) of the optical spectrum. 

Using a fluorescent wavelength shifter the VUV scintillation 
light is converted into visible light which can easily be 
detected by a photomultiplier. 

wavelength 
I VUV 11111111, visible light i-b photomultiplier tube I 

shifter 
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100 Kapitel4 Experimente mit Helium als Szintilator 
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Abb. 4.22: Zeitliches %halten des durch monoenergetische Elektronen ( E  = 1 M e V )  indu- 
zierten Szintillationssignals innerhalb der ersten 4.5 ps nach dem Signalanstieg fiir fliissiges 
Helium bei T= 4.2 K und bei T= 1.8 K. Rechts oben: Zeitskala von 450 ns bis 1 ps. Man 
beachte, daB das Maximum des Signals bei t=500 ns liegt. Die Signale sind jeweils auf das 
Maximum normiert. 
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Kapitel4 Experimente m't Helium ah Szintillator 99 

I . 
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Abb. 4.21: Zeitliches Jkrhalten des durch Neutronen induzierten Szintillationssignals inner- 
halb der ersten 4.5 ps nach dem Signalanstieg fiir 500 mbar He-Gas bei T= 4.2 K, fliissiges 
Helium bei T= 4.2 K und bei'T= 1.8 K. Rechts oben: Zeitskala von 450 ns bis 1 ps. Man 
beachte, daB das Maximum des Signals bei t=5W ns liegt. Die Signale sind jeweils auf das 
Maximum normiert. Fiir die Messung von neutroneninduzierten Szintillationen in der Gas- 
phase wurden nur 2400 Ereignisse gemessen - alle anderen Messungen: 24000 Ereignisse. 
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Monte-Carlo studies 
Martin Cooper (Los Alamos) 
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measured for a time T, 

*How does the error on a, depend on other parameters? 
*VC'hat is the optimal value of T,? 
*What is the optimal value of N, that sets z,? 
*At what level can QB, N,,, and N,, be ignored? 
*What is to be gained by suppressing the p decays, Le. E~ --+ O? 
SQUID Signal 

or in a least squares fi 
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zing the light ~~~1~~~~~~ 
.What is the nu 
*How many PES d 

hotoekctrons expected? 
t versus integration time? 

ow is the number s f  PES influenced by cornpromises 
associated with KV, activation backgrounds, 
cryogenics, etc? 

*Do fiber optics have a role? 
GUIDE7 program as a starting place 
Test code against NIST lifetime results 

7/22/02 <# Physics Division / P25 



Design the beam polarizing beam splitter 
OHOW do we optimize polarization and transmission 
given the allowe length? 

@Do losses in the splitter make backgrounds? 
Minimizing beam activation 
*Do we need a guide in the cryostat? 
.What sort of collimation is useful? 
.Do the entrance windows need to be Be? 
.How can we minimize the activation on the electrodes? 
@How should we dump the beam? 
Minimize scattered-neutron activation 
.Where do we want to place neutron 
Problems with trace elements 

,.q 
3 L05AIarnos 

*>. - * , z , 7  r 3 - , < r 7  - 4 %  
7/22/02 

absorbers? 

'--t*~ Physics Division / P25 *-7 c" *.=I 



Shouid these considerations be part of the light colloecti~n 

UV light in the trap also needs to be considered? 
onte-Carlo? 

7/22/02 



P!bJ TR SPORT OF THE 
3 

Polarization losses in the transport into the cryostat 
Polarization losses in the storage volume 
Polarizatiorr losses in the transpm t cr rrom the storage volume 
to the measuring cell 

7/22/02 
1 r\ -1 .:% Plzysics Division / P25 
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Fitting into LANSCE ER-2 
Jan Boissevain (L-os Alamos) 
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Tour of LANSCE R-2 and Building 10 Lab 
o Penttila (Los Alamos) 



Separating the purifier from the dilution refrigerator, 
an alternate design 

Paul Huffman (NIST) 
utterworth (ILL) 
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Proposed tests of SQUIDS 
ickelle Espy (Los Alarnos) 



s the nEDM 

Introdluc 

tests 



s c ?He comag etometer reduces systematic 
errors due to instabilities in the magnetic 

SQUI s provide irect measure of 3He 
precession frequency, v3 = f i H e B O  ,thus a 

easure of BO averaged over cell 
volrnrne and measurement period. 

SQUIDS could rovide a measure of 
rization of 3He introduced into the cell 

during t e filling period 

Monitor orientation of 3He magnetization 

m efully simpler than dressed spin 
technique (no 



Entrance 
Window 

nEDM experiment setup 

_” 
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Whatdoesth FEM model say? 

and with SIS = .02 (Do . 
x EDM experiment (vol.magn.: 5.31e-009 Joule Tesla-’ m-3) 

_ _ l  

coil 2, cell 1 (no SIS) 1 
- coil 2. cell 2 (no SIS) 1 

coil 2,  cell 1 (SlS) 

I \ 

~... ~ -1 l..- 1~ 

0 50 100 150 200 250 300 35 
Magnetization angle, degree 

Figure V.F.2. Predicted values of flux in the vertically oriented pick-up coils 
expected, both with and without the superconducting vessel. 

i 
-T- 

par a*nenr - 4 -..V&e - i 

___ SIS Cilinder -~ _ ._____-._7____._._ ~ - ~ ~~ 

___________.__~_~_~~_ ~ 
~ ____ 

Length j 1.34m 

Length -. __ 

Inner Radius 



Assume the target is a uniformly magnetized sphere: 
M=magnetization-po1arization"magnetic moment/volume 
00 % polarization 

/A = 2.127m 2.127(5.05~10,-27) 
I.25el5 3He and cell volume (2.5 liters) = 5e17 3He/m3 

Ad =: 54e-1° JT/m3 

radius of cell a-8.5cr-n and pick-up coil is z-lcm from surface. 

Flux = B-.field* area. Assume field constant over 100cm2 area. 
Peak-to-peak value of Flux in pick-up coils: 0.04 Do . 



e 100 cm2 pickup S=0.02 CDo. 

e Flux actual y coupled to the SQUID is 

“typical” values M==10 nH, L,-OOO nII, 100 cm2 loop L P =1.4 pH. 

Roughly l / lOOth  of the signal gets to the SQUID. 

At 4 K: dQSQ-3 pQo/Hz1’2 (measured) and should scale with 
sqrt(4W0.3K). 

e Experimental noise needs to be limited to as low as possible 

* Possible sources: vibration in B field, leakage current; 
Johnson noise, magnetic noise through penetrations, non- 
uniformity in 13 field. 



e 

1 erature 
was at 4 K. The nEDM will be at 0.3 K. 

Wellstood, IJrbina, Clarke 

Appl. Phys. Lett., V54 (25) 19 June 1989 

h 

s 

B 
.J cu 
v) 

-- 

Wellstood, Urbina, Clarke 

Appl. Phys. Lett., V50 (12) 23 March 1987 

Picovoltmeter built for 
at low temperatures 

taken at NHMFL '01-'02 



CC12 flux noise vs. Temp 
1 - - - - 1 _ 1 _ _ 7 _ - - - 1  I I I I 

slope = 0.138 
intercept = 0,008 

:x 
:3 
ii 1 

(0.592) - (0.612) 
;e - 

I --A I I I 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

(Flux Noise)' vs. Temperature: with pick-up -----------~- 
5 I-- 

..,-p- ".-, 

intercept = 0.61 I 
I I I 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 
Temperature (K) 

(Flux Noise)' vs. Temperature: no load 



MAG8 flux noise vs. Temp 

I 
z - 
=!= 

(1.752) 

(1 .972) - 

slope = 1.67 - 

(1.447 intercept = 0.54 x 

- 

I I I 

I I I '  

5 I- 
I I I 

(2.002) -I 

Same SQUl:D as in full 
€33 system. 

Effective area Is 2.5 rnm2 



Mag 8 

.84nT/ Q0 and 2x1015 Tm2 in flux quantum 

2.4 mm2 efkc 

with big coil 

ancl2x1015 rn2 in flux quantum 

100 mm2 e ctive area 

The ratio of areas is 40. 

, / 4 0 = 5  

The signa -noise goes as sqrt(# of SQUIDS) 



6: ing Tests 
No plans to test S UTDs in HV at this time 

tests of gradiometer as function of temperature 
at NHMFL (from 4K to at least 

Additional FEM modeling for optimization of 
SQUID position 

detection of 3He 



SSUt3S (constraints on leakage current) 

at 1Ocm 

0 Johnson Noise 

0 Ekctro es can’t superconduct 

e high resistance material 

rotection of SQUIDS 

0s Ds in some sort of  Faraday cage? 



ry a large ar radiometer. 
a 1”‘ order gradiometer 

Each coil is 9mm x 19mm 

O m 1  x 20mm x 5mm 

Effective area (for one coil) is 7.5 mm*2 

(scnsitivity 



M to reflect new coils and 
ize their location 

Petr Volegov UNM 

nEDM experiment setup 

1 0 5  
0.1 0.2 0.3 -0.2 -0 1 0 



Detection of 3He 



ing the magnet by better matching of 
boundary c ions; magnetic shielding issues 

one (Caltech) 
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Honeywell 

* Flexible electmmgactk aihiclditrg 
Magneticsensors 
High frequency cores 

4 Near-zero magnetostriction 
High DC permeability at low fidds 
without annealing 

4 High tensile strength 

Density wee) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .7.80 
Vicker's Hardness (5Og load) . . . . . . . . . . . . . . . . . . .  300 
T e d  Strength (Gh) . . . . . . . . . . . . . . . . . . . . . . . . . .  .I-2 
Elastic Modulus (GI%) ..................... .1W110 
Iambation Factor (%) ........................ .>75 Saturation Magnetostriction @pm> . . . . . . . . . . . . . . .  .<<I 
ThaW Expamion @ ~ I W C )  . . . . . . . . . . . . . . . . . .  .12.1 Electrical Resistivity ( p h m )  . . . . . . . . . . . . . . . . . . .  .136 
C ~ t d i ~ t i d r ' e m p e n n r r e  (00 . . . . . . . . . . . . . . . . .  . 5 m  curie 'kmperanuc: ("0 . . . . . . . . . . . . . . . . . . . . . .  ..M5 
Continuous Setvice Temp. C O  . . . . . . . . . . . . . . . . . . .  .90 

Saturation Induction (Tala) . . . . . . . . . . . . . . . . . . . .  .0.77 

. . . . . . . . . . . . .  .600,00 -r 
As cast . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .m,oo(, 4?- 
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odifications of the apparatus to incorporate the 
dressed-spi n technique 

ob Golub (HMI) 
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FIG, 3. Spin-precession measurements with dressed neu- 
trons. .At the critical rf-fieid strength ZB! -1 .7 mT the 3" 

6, (mT I 
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FIG. 4. 
fie!d streni  

Dresser 
the "contt 
searches. 
earth's n 
tween ne 
neutrons 
eKective 
not help 
dzcouple: 
ly  reestat 
ing Bo so 
CI ey ' d iag  
again be 
discussec 
basis, wi. 

the disc: 
neutron 
sight. 
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rizentd component of the earth's 
easuremcnt, the shielding case was de 
c shaking coil, 

he leakage fieid into the shielded 
y after applying thc disturbing field 

dy state. The increase in leakage Aeld 
2 h of observation, However, this 

p h e ~ ~ m t ~ i ~ n  is not taken into account in the following data. 



ifhOw8braadpciPlr:forHs = 2.0-3.OAdm’heeffec 
with decreasing AH, however, it is  stili h 

t m;a;rimum vdue even for M = 0.002 A/m (rms 
x 10s. The m i m u m  vduc, for example, 

witb Mumetal by skitking is 8.9 x 10‘ under no dc 
se, the vdue gocs down to dmost oat-: 

when a dc bias field hcrwrses up to 0.5 A h  A similar 
€omd with the Metglas 2705M riM 

e dccreasc in the effective permeability due to 

5687 3. phlys., Vol. 64, No. IO, 15 November 1988 



\ R2 afuc%uf@ 
(O.D.42 Cm) 

Demagnetizing 
Coil (20 turns) 

xi7 ~(8)/549o/r/$l0.00 96 American Institute of Physics 



shells. Ltl gulp case, tne o w  or me poly- 
1 4  arc subjected to 

of shell #5 is treated as a 
When the distances betweem the 

knts of higher order 

a resulting shielding 
s6ructure behaves 

fore, when the pmeab ility is 

le-shell does work to 

Relative permeaMfity 

ationship between shielding factors relative permeability. 

Sasada, Ymarota ,  and Yamaguchi 5491 



J. MI. Phys., VOI. 85; NO. 8, 15 April 1999 ,. 

I 
I 

I 
1 
I 

cyhchical shields employins Metglas ribbons. (a) Cyb 
]helical structure of the ribbons. (b) Cylinder consisting 
of the nibom. (c) Magnetic shaking by a toroidal coir. 

by a miniature magnetoresistive 
manufactured by Honeywell. 

stics measured (the shielding factors 
horn in Fig. 3 and the ASF 
In order to investigate the 
tion on shielding enhance.. 

merit, mametic qhglr;np t 9 - r  cfi1awn;A-I - - f l -  - - - - -  -’- 

I 

1 



E. Papemo and 1. Sasada 

cylindrical shields (1 

shields: -5OmOe 
--or the TSF and -320 €or the ASF (see Rg. 3). The - 
lata in Table I shows that C S  g provides an 



,rmly shielded toward the opening by 

Distance from opening (cm) 
(a 

80 



Update on the HV-test apparatus 
Debbie Clark (Los Alamos) 



h Volt 

A. P x.peri.me 

B" e System. 

ificance. 

0 Schedule. 

E. 

F. 

esign Issues. 

(2uestiisn.s. 



igh Voltage Test 

urpose of Experiment. 
a. Eeam High-voltage behavior. 
b. Liquid Helium behavior at -1 K. 
c. Magnetic field issues. 
d. Failure points 

i e Mechanical, electrical leakage, sparks. 
e. Is 5@%V possible? 

escribe System. 
a. Vacuum shell, nitrogen shell, LHe chamber. 
b. Electrodes, actuators, bellows. 

C. Tests avrd their Significance. 
a. Can we assemble this? 
b. Mechanical failure of components and seals. 
c. Are heat loads acceptable? 
d. Does variable capacitor work as designed? 
e. Measure dielectric constant of materials. 
f. Measure dielectric strength of LHe at 1K. 
g. Measure E Field with Kern effect. 

h. Effect o f  E Field on scintillation process. 

i. Potentially use Squid to see Jo'hnson effect, leakage current. 
D. Schedule. 

a. Order parts starting in September 2002. 
b. Assembly begins November 2002. 

a. Large wire seal flanges. 
b. Cam system. 

i. Source, laser 

i. Phototube. 

E. Remaining Design Issues. 

F. Questions. 







High Voltage Test Assembly 

estimated June, 2 

Hunt. Linear Actuator & Cont. (2) 

uter Vac Can 

Nitro Shield Cu Assy A&B 

Andonian Modification 

Inner He4 Copper Can A&B 

G-10 Dbl B e ~ n g   ASS^ (2) 

BellowsFlg. Weldment (4) Uses # 501 

High Volt. End Actuator Assy (w/ 2 #500) 

Ground End Actuator Assy (uses 2 #500) 

Unistrut Stand Assy A&B 

TOTAL 

$ 7000 

16325 

4850 

3025 

20500 (+$20W) 

725 

6000 (+$3000) 

3685 

2325 

2000 

$66435 (+$5000 spares) 
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Discussion of test objectives 

1. 

2. 

a. 

4. 

5.  

6.  

7. 

Confm viability of engineering design 

acceptable heat loads 

cold HV feedthrough survives 

flanges remain sealed 

~ ~ ~ ~ ~ ~ t e  variable capacitor desi 

Measure cryogenic properties of materials 

testbed for engineering issues 

measure dielectric constant of cell materials 

HV properties of LHe 

determine dielectric strength 

Develop E field measurement with Kerr effect 

Investigate effect of E field on scintillation process 

Study performance of SQUIDS in test environment 







i 
a ce of uniaxial 
. isotropy in an i itia1l.y isotropic medium, 

y an applied external electric field: . 

t light polarized at 45" to E, the 
lipticity: 

== nlAnlh = nlKE2 





ri 

Aperture: Polarizer 
diameter 

approx l m m ,  
PD I P h obelast ie  

m odula tor, h/4 Analyzer 
5OkHz 

To RF Lock-In 



olarimeter 

r: P=O.1 mW, 
to shot noise of .* 



s L m t  L e 

P D  modulator, h/4 Analyzer 
3 h oto-elastic T SOkHz 1 

Cryostat 
/ 

Sample space 
filled with LN2 

H igh-Voltage 
elect rod es: 

spacing 3 .5mm, 
length 2.5cm, 

voltage 2.5kV. 

1 
To RF Lock-In 



re anstant for LN,: 

e d V d U C  (K.lmai et. al., Proceedings of the 

Om Prop. and App. Of Diel. Mat., 1991 Japan) 

c 
(FI 

'c1 
(b 
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I I  
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Time (seconds) 



do w birefringence, 
induced by stresses and emperature 

rifts in the 

d better cry stat windows! 

’. 

-40 1 I 1 

‘I 0 20 30 40 
me (seconds) 
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date on the polarized 3He source 
Justin Torgerson (LANL) 
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eq u i remen t s  

- 10) 
(x3 lo 

Ua pole s tate selector .- 

(i, P3 > 0.99 initially 

10 =. :L014/s 



t a l  uncertainty 

P3, Pn 1 

0 @4 IBS Alam Physics 
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Figure 2: The light gray bars in (a) represent the velocity distribution of 
atoms which enter the aperture of the polarizer and the dark gray represents 
the subset that successfully traverses the polarizer. Panel (b) shows the 
same results as (a) with a different vertical scale. Panels (c-f) show the 
distributions of various initial conditions for atoms which successfully traverse 
the polarizer. 
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out of T3He 
__I- 

Magnetic field issues 

e Gradient: a t  quadrupole exit 

e Reduce field before experimental volume 

e Bent 3 e guide (horizontal polarizer) 

e Higher 3He temperatures (300 K) and field 



quadru ole exit 

for 130 = O J 5 V  and Ro = 7.5mm 



ent 3 - i e  gu 

(horizo olarizer) 

e assuming 1B( = Bo everywhere 

x u  V 130 >> R2-E >> -@ 

-Bo R >> 100 mG0m a t  300 K 

Bo R >=. 3 mG.m a t  0.6 K 

I. 

am05 ------ Phvsics 



d before experiment 

@ dx << 100 mG/m 

f o r  300 K and B = 

10 mG is very diff 

.oo 

cu 

mG 

t a t  300 K 



nces with hexapole state selectors 
uzi (Budapest) 



nos 

Hungarian Academy of Sciences 
Research Institute for Solid State Physics and Optics 
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d B  1 dB 
F = s , -  dr + %  ;z 
IF = V(S B )  = fsVIBl1 



S 
-----A 

F 



I 1 
I TT I mxapoie ne lens electromagnet I 

t 



I 

Division of iron core cross-section 
2 dA 1 

c,, =-JJ 2n A, r4 



I gularitv sr excl I 

2 

f ( Y f  - Y s P  1- 4 --r d A = O  
I 4 



1A 
I 'Magnetic fi 1u computation 



A- 

I=l i - 
H 

poM = - E m k  tan-'(a,H) 
k=l 

k =1 

I Contraction iteration I 



I Results of th netic Eel putation I 
I 

4 /  , 6 

a 
d 

_ - = =  

Magnetization vectors of surface elements 
in the vicinity of the aperture 

I 1 

Magnetic flux density vectors in the aperture 



Measurement results 

I I I 

0" 30" 40" 94 

! I 1 ! ! I I 

" 120" 150" 180" 210" 240" 270" 300" 330" 360' 
P 



i 
I 1 c, = B ,  = 5.8 mT (Dl = 120" 

I 1 r, = 5.5 mm 

Contour plot of magnetic flux 
density magnitude in the 
aperture (parabolic scale, 5 mm 
radius plotted). 



-1 I Neutron optical simulation 
~~ ~~ 
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Beam divergence: 15' 
WTavelengt-h: 6 A 

agnet length: 908 mm 
Hexapole field constant: 40 000 
Dipale fieid: 20 mT (same orien 
in each segment) 
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Beam divergence: 15' 

ipole field: 20 mT ( 
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1 I I onelens I two lenses 
i 
/ 

id 1 330 cm from mag let e 

120 cm from magnet end 1 



Quadrupole Hexa pole I Hexa pole2 



1 
I I Nexapole magnets are efficient tools both for neutron beam focusing and 311e spin 

I 
I state separation. From all possible inaccuracies, the most disturbing is the presence of 1 

I i a dipole component (it affects the neutron optical characteristics an causes spin I 

I 
i and reduces the efficiency ~f spin state separators). 

t 

I 
Hexapole 3He spin state separators can be more efficient than quadrupole ones. The 
Y t-rerformafice of the latter car, be significantly improved by the use of a thin axial rod 
which hinders the crossing of the low field area where spin flips occur. 

I Since the very low temperature is given, it would be worth considering the use of 
1 superconducting hexapole electromagnets. 

~~ 

Issues to be adressed: 
permanent magnet characteristics at very low temperature; 
optimal permanent magnet hexapole design to allow exit of atoms in the wrong spin 

state; 
measures to minimize the dipolar field component to avoid unwanted spin flips. 



an r your attention 



xperiments re avent to transporting 3He into the 
superfluid He and the 3He polarization lifetime 

MI i ke H ayde n (Si mo n- F rase r) 



Mike Hayden 
Simon Fr University 

u 

e 

8 source of polarized 3He? 
uitl-vapour exchange 

motion of 3 e within the liquid 
1 relaxation 



ic Beam Source 

flow impedance --- differential 
. 4 .  pumping line. 



paratus for Production of High Nuclear 
Polarization in Liquid 3He-4He Mixtures 

Phys. Rev. Lett. 73,2587 (1994) 



E JLTP=417,1994 
Physica B 194-6 677, 1994 

(Helium Vapour Compression) 

net evaporation 
of 4€-Ie creates 

pressure gradient 

Superfluid film 
climbs to wanner 
parts ofthe cell 

Refluxing 4He 
vapour 

entrains 3He 



@V 

tionRate I 
e.g. JLTP 99,787 (1995) 

and JLTP 84,87 (199 1) 

i* = -- A @lV 

V 
@lv 

1 -  
@lV = qnvav, 

I 

vapour 
n 

E 

1 
@lv = @vl 

require 
kTln[nA3] = kT In 

I a,, - 
leads to 

n - n  

3 

n * [ 3 )i A3 ] - E 

time constant 



1 

I %e on L4He 
1 

0 0.1 0.2 0.3 0.4 0.5 0.6 
cos Q (A-1) 

0.10 

See Edwards and Saam, n 

Reflection 
Coefficients 

I 

I I I e/ 

For 3He: 

A - 1 nm*Ky2 
T!h 

k cos 8 - (0.6 hP2) Ty2 

1 1 

3He on L4He 

v 

Prog. Low. Temp. Phys. VIIA, 0 0.1 0.2 
k cos 8 (Am1) I1.F. Brewer ed, North-Holland (1 978) 



r- 

eg. Rusby and Durieux, Cryogenics 24,363 (1984) 

loz 

lo' 

loo 

IO-' 

1 0-2 

1x10" 

1x10-5 

1.2 1.4 1.6 1.8 2.0 

T (K) 

'design goal for pressure 
in magnet region of ABS ! 



4v 
3 

““n*)2- f E  -7 yy2 exp(F 

E S - 2.8 K 
* 
- 2.4 yy23 

- v3 - - (83.smis)J-r 1K 

(in vapour) 
ternal diffusion fast) 

e gives at 0.5K 

... e surface gives an 
exchange time T - 10 s! 



I TI Relaxation: Influence of Diffusion I 
c.f. Sc;hearer and Walters Phys. Rev. 139 A1398 (1965). 

3He atoms see a fluctuating magnetic field as 
they undergo Brownian motion in the presence 

of a field gradient 

As long eir rrlfp << container dimensions 
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a . .  epends on the relative field gradient 
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Expect maximum sensitivity to 
relative fluctuations in B near T=O.6 K 
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Fig. 2. Longitudinal rtlrxatisn time Tu (logarithmic scale) versus the inverse 
temperature between 4.2 K and 0.5 K for I particular cell. Lower temperatures 
are on the right pan of the figure. 
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Determining the projects to be undertaken at each 
i ns't i t u t io n 

moderated by Steve Larnoreaux (Los Alamos) 
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Future telephone conference calls 
moderated in Cooper (Los Alamos) 



Development of a financial strategy 
moderated by Martin Cooper (Los Alamos) 



D E? E LO P ?,? 

Funding for equipment io carry out the R&D pian 
Funding for peo le to carry out the R&D plan 
Final experiment funding from non-DOE Nuclear Physics 

Breaking the experiment into distinct pieces 
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